Abstract: Within a context of sustainable development, innovative processes for various applications to recycle rubber are put in place to make aggregates or crumb rubber. These uses include sports floor coverings, to manufacture of sealants, sound absorbing walls, to make roads, as an alternative fuel in cement kilns, etc. In this study, the addition of crumb rubber to mortar was investigated through optical and mechanical tests. The results showed that the incorporation of crumb rubber from used tires into mortar produced a better resistance to shrinkage cracking, but a compressive strength/tensile is reduced. This feature could lend itself to making playgrounds and sports grounds more absorbing and flexible, which would allow a more significant fall to be withstood without injury and consequently enhance the safety of playgrounds.
Introduction


Cementitious materials, by their performance in terms of mechanical strength and durability constitute reference materials of construction. However, low tensile strength coupled with their limited deformation capacity make them very fragile and susceptible to cracking, particularly the cracking of shrinkage. Other phenomena such as alkali aggregate reaction, sulphatic reactions, the freeze-thaw or the corrosion of armatures can generate those imposed deformations. Mechanical tests have confirmed that the incorporation of low modulus of deformation aggregates, namely crumb rubber from the crushing of used tires is detrimental to the compressive strength and tensile strength of the cementitious materials. In contrast, in tensile strength, the resulting composite has a greater capacity for deformation before locating the microcracking. This composite offers a new way of valuing non-reusable used tires, a deposit that in 2004 in the case of Algeria, estimated at 45,650 tonnes of which approximately 30% were in the nature.
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For example, pavings, pavement and more generally the elements are put in a big area, which is cracked under the effect of the shrinkage. However, the contraction joints, can limit the disorder by locating the crack. Thus, the joints are typically the starting point of future disorders. To achieve this goal, we chose to disrupt the process of propagation of cracks in the material by relaxation of the stresses, when the crack opens out on a granulation. Finally, we considered incorporating deformable crumb rubber from the crushing of used tires in the cement matrix.
Materials Used
The results presented allow to comparing the mechanical properties of a reference mortar to which of a mortar incorporating 5% and 7% of rubber crumb. The cement used is of type CEM II/A 32.5 of the cement company Zahana, BP: No.56 Zahana, department Mascara. As natural aggregates, we used siliceous sand from the quarry of Sidi Ali Benyoub, Sidi Bel Abbes (Algeria). The crumb rubber from the crushing of used tires is used in the mass substitution of sand. Their respective densities are 2.7 and 1.2 [1] D DAVID PUBLISHING and in both cases, the dimension of the largest particle is 5 mm. The composition of the mortars is given in Table 1 .
Results and Discussions
Experimental Device
For each composition, unconfined compressive strength was determined on 6 prismatic tests (4  4  4 cm 3 ). After the establishment of the mortar, the specimens were stored in a room at 21 ˚C and 97% relative humidity. They were demoulded after 24 hours and stored for 28 days under the same conditions. The press used in automatic pilot has a capacity of 3 MN. For this purpose, the deformation was measured through three strain gauges with a measurement base of 3 cm, glued longitudinally along the side sample surface. The tensile strength was measured on three prismatic test pieces (for each composition) 4  4  16 cm 3 . These specimens were removed from the molds after 24 hours and kept in the same conditions as the compression specimens. To limit the dispersion, especially in the case of the test pieces reinforced with rubber aggregates, the various test specimens were all performed in a direction perpendicular to which of the introduction of the material. The press used had a capacity of 50 kN. The tests were carried out to force imposed on the rate of 0.03 MPa/min. Details concerning the experimental protocol have been described by Turatsinze et al. [1] . For resistance to cracking, the ring test has been used to characterize the sensitivity of mortar cement at shrinkage cracking [2] [3] [4] . Its principle is to determine the timing and nature of cracking of an annular cylinder casting around a heart of steel, sufficiently rigid, preventing deformation of material shrinkage. Thus, tensile stresses developed in the material will crack when its tensile strength is exceeded.
After mixing, the test body is kept for 24 hours in a room at 21 ˚C and 97% relative humidity. Rings, once demolded on their outer faces are stored in a conditioned room at a temperature of 21 ˚C and 60% relative humidity. The upper part of the mortar ring is covered with a silicone layer thus ensuring only a radial drying, the single side surface of the sample and uniformly over the height of the specimen. Fig. 1a shows a drop of the compressive strength of mortars studied after the incorporation of rubber crumb. This reduction evolves in time when the rate of incorporation of crumb rubber increases. Relative to the reference mortar and for a maximum rate of 7% rubber crumb substitutes we registered a 23% drop of the compressive strength.
Influence of Addition of Crumb Rubber on the Mechanical Properties of Mortar
The results are in good agreement with the work shown in Refs. [1, 5, 6] . The incorporation of crumb rubber is very detrimental to the compressive strength. The same observations are made for tensile strength (Fig. 1b) . This drop of resistance is due to the low modulus of elasticity of rubber inclusions. The inclusions of crumb rubber confined in the cementitious matrix, contribute to the transfer of stress when an external load is applied to the test body. However, the significant difference of Poisson's ratios of the rubber and cementitious matrix may be harmful and cause premature cracking of the composite.
Resistance to Shrinkage Cracking
The ring test was used to characterize the sensitivity of the cement mortars to shrinkage cracking. Thus, tensile stresses develop in the material which cracks when its tensile strength is exceeded. In Fig. 2 , it can be seen that the presence of crumb rubber in the cementitious matrix considerably modifies the response of the composite when it is subjected to restrained shrinkage. Note that the onset of cracking is delayed: 8 days for the mortar incorporating 7% crumb rubber against 3 days for the reference mortar.
Accordingly, in the case of mortars incorporating crumb rubber, the maximum deformation capacity before location of the macro-crack predominates the dimensional variations of shrinkage.
Conclusions
The results presented in this work indicate that the incorporation of crumb rubber from the crushing of used tires in a mortar gives the composite a gain in capacity of deformation before location of the macro-crack. In contrast, a significant decrease in compressive strength/tensile strength is observed.
The shrinkage tests prevented by the ring shows that the effects of the deformation capacity of the improved composite are dominant compared to the dimensional variations of shrinkage. It follows that the cementitious composite incorporating crumb rubber has a greater resistance to shrinkage cracking that traditional mortars.
